[1] Near the end of 2001, the Ulysses spacecraft transited the northern polar regions of the heliosphere, above heliographic latitudes of 71°N. During this period (SeptemberNovember 2001), Ulysses remained immersed in polar coronal hole solar wind flow and observed five intense solar energetic particle events and five interplanetary coronal mass ejections. We study the effects that the passage of these ejecta produced on the lowenergy (77 keV to 20 MeV) ion and near-relativistic (38-315 keV) electron populations. Whereas observations at the heliocentric distance of $1 AU and in the ecliptic plane usually show low-energy ion intensity depressions associated with the passage of fast ejecta, observations for the five ejecta at high heliographic latitudes and in high-speed solar wind streams showed increases in the low-energy ion intensities. The observation of energetic particle intensity enhancements at the entry of Ulysses into these five ejecta was due to (1) the lack of an intense shock-accelerated population propagating outside the ejecta, (2) the efficient confinement of low-energy ions within the ejecta, and (3) the effects that local magnetic structures have on particle transport. At 1 AU and in the ecliptic plane, low-energy ion intensities usually peak at the arrival of shocks and the highest intensities are observed outside the coronal mass ejections. At high heliographic latitudes and in high-speed solar wind streams, however, the shocks were not efficient accelerators of energetic particles, and consequently the highest intensities were observed inside the coronal mass ejections. We discuss the possible origins of the energetic particles observed inside the ejecta, the possible mechanisms for confining these particles within the ejecta, and the effects that magnetic field structures had on modulating the energetic particle intensities observed by Ulysses.
Introduction
[2] In situ observations of energetic particles and coronal mass ejections (CMEs) at high heliographic latitudes have only been possible after the Ulysses spacecraft began its polar orbits around the Sun. Solar wind and magnetic field signatures used to identify CMEs at both low and high heliographic latitudes include counterstreaming suprathermal (>80 eV) electrons, strong and smoothly varying magnetic field, proton and electron temperature depressions, low plasma beta conditions, magnetic field rotations characteristic of magnetic flux ropes, helium abundance enhancements relative to protons, and occasional enhancements in minor ion abundances [e.g., Gosling, 1997, and references therein]. Energetic particle signatures associated with CMEs observed in the ecliptic plane and at 1 AU from the Sun include bidirectional $1 MeV ion flows [Marsden et al., 1987] , bidirectional cosmic ray flows [Richardson et al., 2000] , energetic particle depressions [Cane et al., 1994] and, occasionally, unusual solar energetic particle (SEP) flow directions due to the injection of SEPs by subsequent solar events not associated with the origin of the CME . Few CMEs in the solar wind exhibit all of these signatures at a single point in space, either because they are not present or because of instrumental limitations or data gaps [Neugebauer and Goldstein, 1997] . Coronal mass ejections in the interplanetary medium are usually referred to as interplanetary CMEs (ICMEs) or ejecta. In this paper we will use interchangeably the term ejecta or CME to refer to the solar wind plasma manifestations of the material associated with CMEs at the Sun.
[3] During the first Ulysses polar orbit, which occurred during the declining phase of the solar cycle 22, only six CMEs were identified poleward of a heliographic latitude of 30°(i.e., Ã > 30°). Ulysses observed these solar minimum high-latitude CMEs when it was immersed in the fast (>700 km s
À1
) steady polar coronal hole solar wind flow [Gosling and Forsyth, 2001] . Unlike the CMEs observed in the ecliptic plane and near 1 AU, CMEs at high latitudes had higher speeds, with an average speed of 710 km s À1 , and of these six high-latitude solar-minimum CMEs, all but one were classified as over-expanding [Gosling et al., 1994 [Gosling et al., , 1998 ]. Transient SEP events observed by Ulysses during this solar minimum period were superimposed on recurrent particle events associated with corotating interaction regions (CIRs) [Lanzerotti and Sanderson, 2001] and had low particle intensities. For example, 1.2 -3.0 MeV proton intensities during these SEP events remained always below 10 particles/cm 2 s sr MeV [Lanzerotti and Sanderson, 2001, Figure 6 .2], and 8.0 -19.0 MeV proton intensities never reached values above 10 À1 particles/cm 2 s sr MeV [Sanderson et al., 1995, Figure 1] .
[4] Energetic particle signatures associated with the passage of these solar minimum high-heliolatitude CMEs over the Ulysses spacecraft included (1) unusual periods of streaming <2 MeV ions and <315 keV electrons, presumably associated with a long-lived particle source in the corona [Armstrong et al., 1994] , (2) minor changes in the time-intensity profiles during the decay phase of the SEP events [Bothmer et al., 1995, Figure 4] , and (3) MeV-energy proton intensities enhanced by almost one order of magnitude during the passage of an over-expanding CME [Bothmer et al., 1995, Figure 2] . This latter case was particularly interesting. Large SEP events observed in the ecliptic plane at the heliocentric radial distance R = 1 AU usually show $1 MeV proton intensities peaking at the time of the passage of the CME-driven shock, and the entry into the CME is usually accompanied by a decrease in the particle intensity (see section 3). However, for the overexpanding CME observed at Ã = 54°S and R = 3.5 AU, the highest 1.2-3.0 MeV proton intensities occurred near the CME's leading edge and inside the CME but not at the time of the forward and reverse shocks associated with the CME. As Ulysses exited this CME, the 1.2 -3.0 MeV proton intensities dropped by a factor of five [Bothmer et al., 1995, Figure 2] .
[5] During the Ulysses second polar orbit, which occurred on the rising and maximum phase of solar cycle 23, CMEs were frequently observed at all heliographic latitudes [McComas et al., 2001] . During the solar maximum southern pass, Ulysses observed highly variable solar wind, comparable to what is commonly observed in the ecliptic plane. CMEs were observed up to Ã = 80°S with characteristics similar to those observed in the ecliptic plane near 1 AU [Gosling and Forsyth, 2001] . Energetic particle responses to these solar maximum high-latitude CMEs were diverse [e.g., Malandraki et al., 2001 Malandraki et al., , 2003 . Depending on the magnetic field configuration of the CMEs and the existence of SEP injections during the passage of the CME over the Ulysses location, energetic particle signatures ranged from intensity depressions observed throughout the passage of the CME [Malandraki et al., 2003 ] to energetic particle enhancements within the CME due to injection of SEPs by unrelated solar events [Malandraki et al., 2001] . Transient SEP events during this southern solar maximum period were frequent and had higher intensities than those measured during the Ulysses solar minimum southern pass. For example, 1.2 -3.0 MeV proton intensities often reached values well above 10 particles/cm 2 s sr MeV [Hofer et al., 2001] , and 8.0 -19.0 MeV proton intensities were higher than 10 À1 particles/cm 2 s sr MeV at the peak of the most intense SEP events [McKibben et al., 2003] . However, ion intensities at energies below $20 MeV during the solar maximum southern pass were affected by solar wind stream interaction regions (SIRs), corotating interaction regions (CIRs), and local interplanetary magnetic conditions [McKibben et al., 2003; Lario et al., 2001a Lario et al., , 2003 ] that frequently modified the time history of the particle intensities observed during the SEP events and throughout the transit time of CMEs over the Ulysses spacecraft [e.g., Lario et al., 2003] .
[6] During the solar maximum northern polar pass and at heliographic latitudes above $71°N, Ulysses became immersed in the high-speed (>700 km s
) polar coronal hole solar wind flow, where only a single inward (negative) magnetic field polarity was observed and stream interaction regions were completely absent [McComas et al., 2002] . The properties of this solar wind plasma were nearly identical to those observed in the solar minimum coronal hole flows of the first orbit: i.e., fast and steady speed, low density, and high temperature [McComas et al., 2002] . Reisenfeld et al. [2003a Reisenfeld et al. [ , 2003b identified five CMEs using solar wind and magnetic field characteristics observed by Ulysses during this northern high-latitude period (e.g., September -November 2001) . Of these five ejecta, two were preceded by strong interplanetary shocks, two exhibited the classical signatures of over-expanding coronal mass ejections, and one was a magnetic cloud nearly in equilibrium with the ambient wind. [7] In this paper we analyze low-energy (77 keV to 20 MeV) ion and near-relativistic (38 -315 keV) electron data from the Ulysses spacecraft during the passage of these five CMEs observed at high northern heliolatitudes and under high-speed polar coronal hole solar wind conditions. We compare the energetic particle signatures associated with the passage of these five CMEs with both the particle signatures typically observed in the ecliptic plane at 1 AU and the solar minimum over-expanding CMEs described by Bothmer et al. [1995] . Solar maximum conditions sampled by Ulysses during the northern polar passage allow us to extend the study to higher heliographic latitudes (Ã > 71°N), SEP events of higher intensity, and a larger number of CMEs with different properties and characteristics. In section 2 we describe the data sources used in this paper. In section 3 we summarize the typical low-energy particle responses observed during the passage of CMEs in the ecliptic plane near 1 AU. In section 4 we describe Ulysses energetic particle observations throughout the time interval that Ulysses remained immersed in the solar maximum northern polar coronal hole solar wind flow. We analyze the energetic ion anisotropies and energy spectra observed in association with each of the five CMEs. Finally, in section 5 we discuss the likely physical mechanisms that lead to the different low-energy particle behavior observed within the CMEs at high-latitudes compared to that observed in the ecliptic plane.
Instrumentation and Observations
[8] The data used in this paper are primarily from the HI-SCALE instrument [Lanzerotti et al., 1992] . Where appropriate, we shall also refer to data from the COSPIN/LET instrument [Simpson et al., 1992] and from the solar wind (SWOOPS) and magnetometer (VHM-FGM) instruments [Bame et al., 1992; Balogh et al., 1992] . Energetic particle data measured in the ecliptic plane near 1 AU were taken by the EPAM instrument on board the ACE spacecraft [Gold et al., 1998 ]. EPAM was adapted from the flight-spare unit of the HI-SCALE instrument. Thus the similarity between HI-SCALE and EPAM instruments on board Ulysses and ACE, respectively, allows us to directly compare the effects that the passage of CMEs produce at different heliocentric distances and at different heliographic latitudes. Magnetic field and solar wind plasma observations at 1 AU measured by the MAG and SWEPAM instruments, respectively McComas et al., 1998 ] were obtained from the ACE Science Center.
[9] The HI-SCALE and EPAM instruments consist of five different telescopes. We will use ion data from the Low Energy Magnetic Spectrometers (LEMS120 and LEMS30). We will also use measurements of 38-315 keV electrons. These electrons are magnetically deflected in the LEMS30 and LEMS120 telescopes, and those deflected from the LEMS30 telescope are detected by an off-axis detector that separates them in four different energy channels referred to as DE1 -4 (see details in the work of Lanzerotti et al. [1992] and Gold et al. [1998] ). This magnetic deflection system diverts a very high fraction of electrons that enter the LEMS collimators. However, when the >50 keV electron flux is sufficiently high, some electrons are counted in the LEMS30 and LEMS120 telescopes, even though the absolute efficiency for counting these electrons is quite small. Thus the ion channels may be contaminated at the beginning of large SEP events when many electrons arrive promptly, well before the slower ions can reach the spacecraft [Keeney, 1999] .
[10] LEMS120 and LEMS30 together accumulate data in 12 fixed look directions and similar energy channels. To infer anisotropies we have transformed the 12 directional measurements into a frame of reference moving at the solar wind velocity. Although neither telescope can differentiate between protons and other ions, in order to transform our data into the solar wind frame, we have assumed that particle intensities are dominated by protons. Comparisons over many years of data with independent He measurements from the HI-SCALE Composition Aperture have validated this assumption. Defining a coordinate system with the z-axis along the instantaneous interplanetary magnetic field (IMF) direction, we use a reduced second-order spherical harmonic analysis to derive a series expansion for the ion intensity distribution (see Sanderson et al. [1985] for details). The first-order harmonic consists of three components with amplitudes A 1 , A 11 , and B 11 . The ratio A 1 /A 0 (where A 0 is the isotropic component) represents, in the solar wind frame, the first-order anisotropy resolved along the IMF direction. The sign of A 1 is defined with respect to the IMF direction. Throughout the period analyzed here the magnetic field polarity observed by Ulysses was mostly sunward. Therefore negative values of A 1 indicate antisunward anisotropic flows and positive values sunward flows. For the events at 1 AU shown in section 3, the magnetic field outside the ejecta pointed mostly antisunward, and therefore positive (negative) values of the A 1 indicate antisunward (sunward) anisotropy flows. A 11 and B 11 represent the flow transverse to the IMF; B 11 is measured along theṼ sw ÂB direction (whereṼ sw is the solar wind velocity andB is the magnetic field vector) and A 11 is measured along the third axis that completes a right-handed set together withB and V sw ÂB. The quantity A 2 /A 0 represents the second-order harmonic distribution (forced to be symmetric about the magnetic field). A positive ratio of A 2 /A 0 , when the firstorder coefficients are close to zero, represents bidirectional ion flows along the IMF.
In-Ecliptic 1 AU Observations
[11] Energetic particle signatures associated with the passage of CMEs near the ecliptic plane and at 1 AU often include depressions of the energetic particle intensity and/or bidirectional MeV ion flows [e.g., Richardson, 1997, and references therein] . Both signatures are not found in every single event. CMEs do not always contain bidirectional ion flows [Marsden et al., 1987] , and the passage of ejecta by 1 AU does not always produce energetic particle depressions [Cane et al., 1997] . However, the correlation between high-energy (>60 MeV/amu) particle depressions and the passage of ejecta at 1 AU is quite high. For example, Cane et al. [1997] found that most of ejecta ($88%) observed in the ecliptic plane within 1 AU were accompanied by shortterm (<3 days duration) depressions of the >60 MeV/amu particle intensity. When solar particle intensities are low, particle intensities at these energies are dominated by galactic cosmic rays. At these high energies (>60 MeV/ amu), the spacecraft entry into the ejecta is usually accompanied by an abrupt decrease of the energetic particle intensity, reaching a local minimum near the leading edge of the ejecta. This minimum is typically followed by a gradual recovery of the particle intensity, with a change of the recovery rate when the observer exits the ejecta [Richardson, 1997] .
[12] At ion energies of the order of $1 MeV, and also at higher energies during very energetic particle events, the situation is more complex because of the presence of particles accelerated by the CME-driven shock. Low-energy ion intensities observed at 1 AU and in the ecliptic plane usually peak at the arrival of interplanetary shocks driven by fast CMEs [Cane et al., 1988] . When the spacecraft enters into the ejecta, there is often an abrupt decrease in the ion intensities with respect to the intensities observed around the arrival of the shock suggesting that the access of shock-accelerated particles into the ejecta is restricted [Richardson, 1997] .
[13] Figures 1 -3 show three solar energetic particle (SEP) events observed by the ACE spacecraft for which the associated CME passed over the spacecraft. The ejecta associated with the first two events in Figures 1 and 2 were classified as magnetic clouds by Burlaga et al. [2001] . The signatures used by Burlaga et al. [2001] to identify the front boundary of the magnetic clouds were (1) an increase in the magnetic field strength, (2) a large change in the magnetic field direction, and (3) an abrupt drop in proton temperature. The rear boundaries of the CMEs are more difficult to identify and their determination is more subjective [Neugebauer and Goldstein, 1997] . For the magnetic clouds shown in Figures 1 and 2 , an increase in solar wind proton temperature at the end of a smooth rotation of the magnetic field direction has been used for their identification. In addition, for both magnetic clouds, Lepri et al. [2001] also identified high solar wind Fe charge states. The SEP event shown in Figure 3 was associated with the passage of two ].
[G] Solar wind speed as measured by the SWEPAM instrument ]. Solid vertical line marks the arrival of the CME-driven shock. Gray bar indicates the passage of the CME as identified by Burlaga et al. [2001] . Dotted traces on day 266 in parts B and C indicate the time intervals when intensities are close to instrumental background levels. Vertical arrow indicates the time and longitude of the parent solar event as identified by Lario et al. [2000] . Lario et al. [2001b] . Note that for this event low-energy ion intensities decreased at the entry into the magnetic cloud but did not increase when exiting the ejecta. Electron intensities did not show any significant change when entering or exiting the ejecta.
[A-C] Dotted traces on days 47 and 51 indicate the time intervals when intensities are close to instrumental background levels.
ejecta. Identification of both ejecta was based on the study of Gopalswamy et al. [2001] and Lepri et al. [2001] . Several solar wind and magnetic field signatures typical of ejecta were observed in both structures: (1) abrupt drop in the proton solar wind temperature, (2) low solar wind density, (3) declining solar wind velocity profile, (4) low magnetic field variance in both magnitude and direction, (5) counterstreaming suprathermal (>80 eV) electrons, (6) enhanced He solar wind abundance, and (7) high solar wind Fe charge states (particularly in the second ejecta).
[14] Figure 1 shows an event with an abrupt decrease in the ion and electron intensities at the leading edge of the CME followed by a recovery of the particle intensity near the end of the ejecta. Note that for this event, bidirectional ion flows (BIFs) were detected throughout the magnetic cloud passage and a small impulsive electron event was observed within the CME at the end of day 268. Figure 2 shows an event where the abrupt decrease in the particle intensity was only observed at <1 MeV ion intensities but the corresponding increase near the trailing edge of the CME was not observed. Note also that BIFs were observed throughout this magnetic cloud. Burlaga et al. [2001] pointed out that this cloud was probably followed by a wake or tail behind the CME that extended until $1400 UT on day 51. At that time there was no recovery in the lowenergy ion intensities. Similar examples of abrupt drop in ion intensities at the entry into the ejecta but not followed by a recovery on their exit can be seen elsewhere, e.g., Figure 2 in the work of Richardson [1997] .
[15] The first CME shown in Figure 3 did not show any abrupt decrease in the low-energy ion intensities. Nor did the entry into the CME or the exit from the CME show any abrupt change in the decay rate of the energetic particle intensities. In this case, there was no evidence of BIFs within the CME; on the contrary, sunward anisotropy flows were continuously observed following the shock passage. The entry into the second CME of Figure 3 , by contrast, was accompanied by a decrease of the particle intensities. At the end of this second CME a new SEP event was observed with electron onset inside the ejecta and ion onset later outside the ejecta. For all three SEP events shown in Figures 1 -3 , the two components of the anisotropy perpendicular to the field (not plotted here) had small fluctuations back and forth around zero indicating that no net flow of particles across the field was observed. Cosmic ray decreases were clearly observed during these three events, with intensity recoveries at the trailing edges of the ejecta for the events in Figure 1 [Fujimoto et al., 2001] and Figure 2 [Shrivastava, 2001] , but not for the event in Figure 3 [Fujimoto et al., 2001] where the recovery took several days and probably was mediated by the two ejecta and by the associated CME-driven shock. Similar cases of low-energy particle events at 1 AU during cosmic ray depressions can be found elsewhere [see, e.g., Cane et al., 1996] .
[16] Apart from complex situations with injection of energetic particles into CMEs by unrelated solar events [Kahler and Reames, 1991] or shocks running into ejecta [Lario and Decker, 2002] , Figures 1 -3 show four different types of low-energy particle response to the presence of ejecta at 1 AU and in the ecliptic plane. Studies dealing with low-energy ion intensity decreases observed upon entry into ejecta material by spacecraft at $1 AU suggest that the most typical situation is a sharp decline in particle intensities near the leading edge of the ejecta but not a corresponding increase at the trailing edge of the ejecta [Kahler and Reames, 1991] .
[17] Cases like the one shown for the first ejecta in Figure 3 , with gradual decays after the shock passage but without any changes in the ion profiles at the entry into or exit from the ejecta, are rare. For example, Cane et al. [1996] studied 180 cosmic ray decreases observed at the Earth. For 80 out of these 180 cosmic ray decreases no solar wind data were available, and therefore we cannot determine whether a CME crossed the observer [see Cane et al., 1996, Table 1 ]. In 34 Gopalswamy et al. [2001] . [B-C] Dotted traces on day 158 indicate the time intervals when intensities are close to instrumental background levels or with possible electron contamination (see section 2 for details). Note that for this event two CMEs were observed by the ACE spacecraft and no abrupt decreases in the low-energy ion intensities or near-relativistic electron were observed when the spacecraft entered into the first ejecta. out of these 180 cosmic ray decreases, time-intensity profiles of <25 MeV ions did not exhibit additional abrupt drops during the decay following the shock passage, suggesting that for these events the cosmic ray depression was mediated by the CME-driven shock and not by the presence of the ejecta. For these 34 events, low-energy ion intensities peaked at the arrival of the shock and were followed by a continuous decay without any significant change in its decay rate. In only three out of these 34 events were solar wind signatures of ejecta observed at the Earth. On the other hand, solar wind signatures of ejecta were observed in 54 out of the 100 events with good solar wind data coverage. In 51 out of these 54 events, lowenergy ion intensities showed abrupt decreases a few hours after the shock passage. In only three out of these 54 events, low-energy ion intensities did not show any significant decrease other than a constant decay rate after the passage of the CME-driven shock [see Cane et al., 1996, Table 1 ]. Studies of the energetic particle response to passages of CMEs at several energy ranges indicate that the larger particle depressions at the entry into the ejecta occur at lower energies [Cane et al., 1995] , suggesting that faster energetic particles are more able to penetrate into (and escape from) the ejecta [Richardson, 1997] .
High-Heliolatitude Observations
[18] In this section we analyze energetic particle observations from the Ulysses spacecraft during part of its solar maximum northern polar pass. We focus the study on the period when Ulysses remained immersed in the high-speed (>700 km s
À1
) polar coronal hole solar wind flow and only a single sunward (negative) magnetic field polarity was observed [Reisenfeld et al., 2003a [Reisenfeld et al., , 2003b . Comparisons with simultaneous observations in the ecliptic plane near 1 AU, and with Ulysses observations over different periods of the solar cycle and in different regions of the heliosphere have been discussed elsewhere [e.g., McKibben et al., 2003; Lario et al., 2003] . Here we will discuss the effects that the passage of CMEs produced on the energetic particle intensities, anisotropies and spectra.
[19] Figure 4 shows spin-averaged energetic ion intensities as measured by HI-SCALE/LEMS120 and COSPIN/ LET (top panel) and near-relativistic electrons as measured Table 1 lists the solar events associated with the origin of these SEP events. CME parameters were taken from the SOHO/LASCO CME catalog compiled by S. Yashiro and G. Michalek (available at http://cdaw.gsfc.nasa.gov/). Note that the origin of all these SEP events involved the presence of halo CMEs as observed by SOHO/LASCO coronagraph. Particle intensity levels prior to the onset of the SEP event A have been subtracted in Figure 4 . By comparing electron intensities with low-energy ion intensities and COSPIN/ LET intensities with HI-SCALE/LEMS120 intensities, we conclude that the <1 MeV ion channels of the LEMS120 were contaminated in the rising phases of the SEP events by electrons bypassing the magnetic deflection system (see section 2). We have indicated those periods by dotted traces in Figure 4 . Gray bars indicate the passage of CMEs (numbered from 1 to 5) as determined by Reisenfeld et al. [2003a Reisenfeld et al. [ , 2003b . Note the close association between the boundaries of the CMEs and the energetic particle enhancements.
[20] Vertical solid and dashed lines in Figure 4 show the arrival of interplanetary shocks and wave disturbances, respectively, as identified by Reisenfeld et al. [2003a Reisenfeld et al. [ , 2003b . Whereas the fourth CME showed hardly any signature of expansion, CMEs -1 and -2 had the typical signatures of over-expanding CMEs, and CMEs -3 and -5 were partially expanding and able to drive strong interplanetary shocks. All CMEs showed evidences of smooth field rotation indicating that they were magnetic flux ropes [Reisenfeld et al., 2003a [Reisenfeld et al., , 2003b . Table 2 summarizes the main characteristics of these five CMEs and the forward shocks preceding the passage of the CMEs. Details about the solar wind and magnetic field characteristics of these five CMEs can be found in the work of Reisenfeld et al. [2003a Reisenfeld et al. [ , 2003b . Due to the similarities in the energetic particle response to the passage of the CMEs (Figure 4 ) we separate them in three groups: (1) CME-1, (2) CMEs -3 and -5, and (3) CMEs -2 and -4. We analyze each group individually in the following sections.
CME-1
[21] CME-1 showed the typical signatures of overexpanding CMEs [Reisenfeld et al., 2003b] . These CMEs are usually preceded and trailed by weak forward and reverse shocks, their travel speeds are approximately of the same level or even lower than the surrounding solar wind, and their pressure profiles show a broad minimum inside the CME and maxima immediately downstream from the shocks [Gosling et al., 1994 ]. An interpretation given for these over-expanding CMEs is that they result from the dynamic interaction between an initial slow CME and a much faster surrounding solar wind (see description in the work of Gosling et al. [1994] ). The signatures used by Reisenfeld et al. [2003b] to identify the boundaries of this CME were (1) a sharply defined period of low magnetic field variance (in both magnitude and direction), (2) a proton solar wind temperature depression, (3) a declining solar wind velocity profile, and (4) intermittent counterstreaming suprathermal electrons.
[22] Figure 4 shows that the energetic particle enhancement within this CME was observed for both electrons and ions at all energies analyzed in this paper. In fact, the energetic particle intensity enhancement extended up to $60 MeV ion energies and $5 MeV electron energies (R. B. McKibben, private communication, 2003 ). An additional particle intensity enhancement was also observed for ions below 8 MeV on days 274-275 (this intensity increase will be discussed in section 5.2). Figure 5 shows the evolution of the 1870-4800 keV ion anisotropy coefficients in the solar wind frame for the SEP event A. Ion intensities at the onset of the event (dotted traces) are likely affected by electron contamination. Independent analyses of the 1.8-3.8 MeV and 34-68 MeV ion anisotropies measured by the COSPIN instrument show very small but finite antisunward Fast CME able to drive a strong forward shock as it plows into the slower wind ahead.
parallel anisotropies throughout the rising phase of the SEP event A [Sanderson et al., 2003] . This is a difference with respect to the onset of SEP events observed at 1 AU and in the ecliptic plane (see, for example, Figure 3 ) where strong antisunward flows are usually observed [Sanderson et al., 2003] .
[23] After the electron contributions to the HI-SCALE ion detectors become negligible, we observe almost isotropic distributions with very small antisunward flows. At the time of the forward shock passage (at the end of day 270), these distributions changed to isotropic or very weak sunward. Three hours before the arrival of CME-1, ion intensities increased by one order of magnitude with a strong but brief antisunward flow. The energetic ion population inside CME-1 was isotropic and intensities gradually decreased from the leading to the trailing edges of the CME. Particle intensities remained high for 3 hours after the passage of CME-1 and showed weak field-aligned flows. The decay phase of the SEP event A was characterized by a weak sunward flow of particles in the frame of the solar wind. Throughout the SEP event A, the two components of the anisotropy perpendicular to the field fluctuated back and forth around zero, suggesting that no net flow of particles perpendicular to the field lines was observed. This observation has been corroborated using COSPIN measurements [Sanderson et al., 2003] . The leading/trailing edges of the CME-1 were preceded/followed by strong magnetic field structures (particularly behind the trailing edge). The enhanced energetic particle intensities were observed throughout the time interval between these two magnetic field structures but not outside them. Note that the decrease in the energetic particle intensity observed after the passage of CME-1 occurred simultaneously at all energies ( Figure 4 ) and was coincident with the increase in the magnetic field magnitude but not with the trailing edge of the CME identified using solar wind and magnetic field signatures ( Figure 5 ).
[24] Figure 6 shows the proton differential energy spectra as measured by the HI-SCALE/LEMS120 and COSPIN/ LET detectors around the passage of the CME-1. The [Forsyth et al., 1995] . (i) Solar wind speed. Solid vertical lines mark the arrival of interplanetary shocks. Gray bars indicate the passage of the CME (Table 2) . Dotted traces in Figures 5a -5e indicate time intervals with possible electron contamination or time intervals when intensities are close to the instrumental background intensity levels. Ten-minute averages were used to compute the ion anisotropy coefficients. The dark bands in Figure 5i show times of suprathermal electron counterstreaming inside the CME. . Proton differential energy spectra observed at different times around the arrival of the CME-1. Spectra [a] and [d] are taken before and after the passage of the CME, whereas spectra [b] and [c] are taken inside the CME near its leading and trailing edges, respectively. We have used 10 minutes spin-averages of the L2, L3, L12 and L21 channels of the COSPIN/LET (four high energy channels) and P'2-6 of the HI-SCALE/LEMS120 telescopes (five low energy channels). energy spectrum [a] was observed just before the entry of Ulysses into the CME. The energy spectra [b]/[c] were taken inside the CME just after/before the leading/trailing edges of the CME. The entry into the ejecta involved an increase in the proton intensity at all the energies considered here. Inside the CME, the energy spectra evolved continuously from spectra [b] to [c] with approximately a constant slope. The only significant change was at the highest energy ion intensities that tended to decay faster than the lower energies. The energy spectrum [d] was measured after the passage of the ejecta and is similar to the spectrum [a] measured just before the ejecta. This is a remarkable similarity, given that both spectra were measured during the decay phase of the SEP event A but in different regions separated by the CME.
[25] The energetic particle response to this CME was similar to the $MeV ion intensity enhancement observed within the over-expanding CME that crossed Ulysses in 1994 at Ã = 54°S and R = 3.5 AU [Bothmer et al., 1995] . In both events the ejecta were preceded and followed by weak forward and reverse shocks, and the highest intensities of the complete SEP event were observed inside the CMEs near their leading edges. A notable difference is that the trailing edge of CME-1 was followed by a strong magnetic field increase, while for the CME in 1994, the decrease in the energetic ion intensities at the exit from the ejecta occurred simultaneously with a decrease, not an increase, in the magnetic field magnitude [see Bothmer et al., 1995, Figure 2 ].
CMEs -3 and -5
[26] CMEs -3 and -5 were able to drive strong forward interplanetary shocks (Table 2 ) and had very strong magnetic field enhancements in the sheath region formed behind the shocks and in front of the CMEs [Reisenfeld et al., 2003a [Reisenfeld et al., , 2003b . The signatures used by these authors to identify the boundaries of these two CMEs were (1) continuous counterstreaming suprathermal electron flows and (2) clear magnetic field rotations. In addition, for CME-3 an enhancement of the solar wind He abundance and low magnetic field magnitude variance were observed throughout the CME. For CME-5, the front boundary was also established by (1) a sudden drop in solar wind density, (2) a jump in magnetic field magnitude, and (3) a transition from high to low magnetic field variance. Analyses of the plasma parameters [Reisenfeld et al., 2003a] suggest that the front half of these two ejecta were typical of very fast CMEs plowing into slower wind ahead and able to drive strong shock waves. The rear half of the events, on the other hand, had the shape of overexpanding CMEs [Reisenfeld et al., 2003a] . The reverse shock propagating into the wind behind CME-5 as well as the reverse wave behind CME-3 were weak and did not have any effect on the energetic particle population. Reisenfeld et al. [2003b] associated the solar origin of these two CMEs with the solar events responsible for the origin of the SEP events C and E, respectively (Table 1) .
[27] Figure 4 shows that the forward shocks formed in front of both CMEs were able to accelerate ions to energies up to $1 MeV. After the passage of both shocks, energetic particle enhancements, above the intensity level measured at the time of the shock passage, were only evident for ions above $600 keV and near-relativistic electrons. The decay rate of the ]600 keV ion time-intensity profiles showed a discontinuity between those periods dominated by the locally shock-accelerated population and those periods associated with the passage of the CMEs and surrounding magnetic field structures (see details below).
[28] Figure 7 shows the evolution of the 1870 -4800 keV ion anisotropy coefficients in the solar wind frame for the SEP events C, D, and E. Weak antisunward first-order anisotropies were observed at the onset of the SEP events C and E that changed direction from weakly antisunward to sunward as the CME-driven shocks crossed the spacecraft, indicating that particles were flowing away from the shocks as seen from the solar wind frame. The downstream region of both CME-driven shocks showed strong magnetic field enhancements. Energetic particle intensities increased as the magnetic field magnitude behind the shocks decreased. For CME-3 particle increases occurred inside the CME, whereas for CME-5 the particle enhancement occurred just a few hours before the arrival of the ejecta. For CME-3, this particle increase occurred mainly isotropically with just a short (<2 hours) interval of very weak sunward flow at the end of day 312. For CME-5, the onset of the particle increase at the end of day 330 was anisotropic; however, we cannot distinguish whether it was directed sunward or antisunward since the magnetic field had a strong poleward component approximately in the T-N plane transverse to the radial direction and observed throughout the passage of the enhanced magnetic field region (i.e., f % 90°in the Ulysses RTN coordinate system as defined by Forsyth et al. [1995] ). Throughout the passage of CME-3 energetic particle flows were isotropic, whereas for CME-5 the second part of the CME was characterized by sunward flows. The rear edge of the CME-3 did not present any change in the anisotropy or the intensity-time profiles, whereas for CME-5 the exit was characterized by a decrease in the ion intensity and a change from weakly sunward to isotropic flows. Throughout the SEP events C and E, the perpendicular components of the anisotropy were very close to zero, indicating that no net flow of particles perpendicular to the magnetic field was observed.
[29] In many aspects time-intensity profiles for ions below $300 keV during the SEP event C (Figure 4 ) are similar to the 1 AU example shown in Figure 3 where intensities peaked at the arrival of the shock and gradually decayed. At higher energies, however, the particle intensities did not decay continuously (like in the 1 AU event shown in Figure 3 ), or even drop at the entry into the ejecta (like in the 1 AU event shown in Figure 2 ) but, rather, they increased as the magnetic field strength decreased behind the sheath region formed in front of both CMEs. The passage of the strong magnetic field regions formed downstream of the shocks driven by CMEs -3 and -5 coincided also with changes in the decay rate of the particle intensities with a clear depression in the ion intensities observed before the passage of the CMEs (Figure 4) .
[30] Figure 8 shows the proton differential energy spectra as measured by the HI-SCALE/LEMS120 and the COSPIN/ LET detectors around the passage of the CMEs -3 and -5. The format is the same as in Figure 6 but now spectra [a] are measured before the arrival of the CME-driven shocks and spectra [b] are measured at the peak of the ion intensity associated with the CME (not necessarily inside the CME). We have also added the spectra [S] measured at the time of the forward shocks in front of both ejecta. Note that both shocks made a strong contribution to ion intensities below $1 MeV. The particle intensity enhancement observed at the entry into CME-3 or after the crossing of the magnetic field increase for CME-5 (spectra [b] ) involved an increase of the high-energy component, with more contribution of >2 MeV ions than at the shock passage. Within the ejecta there was a continuous evolution from spectra [b] to [c] . At the exit from CME-3 the energy spectrum evolved continuously from spectra [c] to [d] following the gradual decay of the SEP event. The exit from CME-5 involved a discontinuous decrease in particle intensities but with similar energy spectra as those observed inside the CME. For both cases, the peak spectrum [b] was generally similar to spectra [c] and [d] , but not to either the pre-shock spectrum [a] or the shock spectrum [S] (even at the low energies). It is important to point out that near-relativistic electron intensity profiles (Figure 4) tracked those of the >8 MeV ions throughout the SEP events C and E, i.e., the shocks were not efficient accelerators of electrons at these energies and electron intensities increased just after the crossing of the magnetic field structures formed in the sheath regions of both CMEs.
CMEs -2 and -4
[31] CMEs -2 and -4 were observed during the decay phase of the SEP events B and C (Figure 4) . Neither of the two CMEs were able to drive strong interplanetary shocks (Table 2) . Whereas CME-2 showed signatures of overexpanding CMEs [Reisenfeld et al., 2003a] , CME-4 was a magnetic cloud in near equilibrium with the ambient medium ( Table 2 ). The front boundary of CME-2 was determined by (1) an increase in the He solar wind abundance, (2) a sharp drop in the plasma beta, and (3) a transition in the magnetic field variance from noisy to smooth. The rear boundary was established at the time when the field variance came back from smooth to noisy. Intermittent counterstreaming suprathermal electron flows were observed throughout the CME-2. CME-4 showed clear signatures of a magnetic cloud with (1) continuous bidirectional suprathermal electron flows, (2) proton temperature depressions, (3) solar wind density depressions, (4) He solar wind abundance enhancement, (5) magnetic field increase at the front boundary and decrease at the rear boundary, (6) field rotation, (7) low variance in both magnetic field magnitude and direction, and (8) low plasma beta. Details can be found in the work of Reisenfeld et al. [2003a Reisenfeld et al. [ , 2003b .
[32] Energetic particle enhancements inside CMEs -2 and -4 were observed only at ion energies below 8 MeV for CME-2 and below 2 MeV for CME-4, whereas electron intensities below 53 keV increased at the entry of CME-2 and remained nearly flat throughout CME-4 (Figure 4 ). Figure 9 and left panel of Figure 7 show the evolution of the 1870 -4800 MeV ion anisotropy coefficients in the solar wind frame for these two CMEs. Within these two CMEs, the ratios A 2 /A 0 were consistently higher (CME-4) or variable but of the same order (CME-2) than the ratio A 1 /A 0 . Consequently, bidirectional ion flows (BIFs) were clearly observed throughout the CME-4, whereas for CME-2 BIFs were only intermittently observed. The perpendicular components of the anisotropy fluctuated back and forth around zero throughout the passage of both CMEs. In contrast to CMEs -1, -3 and -5, for CMEs -2 and -4 strong magnetic field enhancements relative to the magnetic field magnitude measured within the CMEs were not observed at their leading boundaries. However, both trailing and leading edges were marked by clear transitions of the magnetic field from low variance to noisy behavior including changes in the magnetic field direction.
[33] Figure 10 shows the proton differential energy spectra as measured by the HI-SCALE/LEMS120 and COSPIN/ LET detectors around the passage of the CMEs -2 and -4 with the same format as Figure 6 . Spectra [a] and [d] for CME-2 should be viewed with caution due to their proximity to the background level. The entry into both ejecta Figure 8 . Proton differential energy spectra observed at different times around the arrival of the CME-3 (top panel) and CME-5 (bottom panel). Spectra [a] are measured before the arrival of the forward CME-driven shocks at Ulysses. Spectra [S] are measured at the time of the forward CMEdriven shocks. Spectra [b] are measured at the time of the ion peak intensity. Spectra [c] and [d] are measured inside and outside of the CMEs near their trailing edges. We have used 10 min spin-averages of the L2, L3, L12, and L21 channels of the COSPIN/LET (four high energy channels) and P'2-6 of the HI-SCALE/LEMS120 telescopes (five low energy channels). involved an increase in the ion intensities at low energies (below 2 MeV for CME-4 and below 8 MeV for CME-2). Within both ejecta, the spectra evolved nearly continuously from [b] to [c] . Note that for CME-2 intensity levels decreased already to very low levels before the end of the ejecta. At the exit from the ejecta the intensity levels decreased again (spectra [d] ). For CME-4, spectra [a] and [d] were quite similar even though they were measured at distant regions separated by the CME (just as we noted for CME-1). At ion energies above $10 MeV, as well as at electron energies above 175 keV, the effects of the edges of the ejecta were nearly undetectable, and the decay rate of events B and C did not change much until the occurrence of the next SEP event (Figure 4 ).
Discussion
[34] The energetic particle intensity enhancements observed at the entry of the Ulysses spacecraft into the five CMEs at high northern heliographic latitudes show the existence of two different particle intensity levels inside and outside the ejecta. Observations at 1 AU and in the ecliptic plane show that during SEP events, the particle intensity level is usually higher outside the ejecta (see section 3). Fast CMEs at 1 AU are preceded by CMEdriven shocks that are efficient accelerators of particles at low energies [Cane et al., 1988] . Shock-accelerated particles are able to fill both the region upstream of the shock and the sheath region downstream between the shock and the ejecta. However, particle access into the ejecta seems to be restricted [Richardson, 1997] . By contrast, Ulysses observations during the solar maximum northern polar passage show that particle intensities during the SEP events observed at high heliographic latitudes and within solar wind polar coronal flows were higher inside the CMEs.
[35] The energetic particle intensity increases observed by the Ulysses spacecraft within the five northern high-heliolatitude CMEs were not due to recent injections of SEPs from the Sun. Indeed, the energetic particle anisotropies observed within the CMEs (Figures 5, 7 , and 9), the lack of velocity dispersion at the onset of the intra-CME particle enhancements (Figure 4) , and the comparison with the occurrence of SEP events in the ecliptic plane near 1 AU [Lario et al., 2003] , exclude the possibility that newly injected SEPs were observed during the passage of these five CMEs. Therefore we suggest that the higher intra-CME particle intensities resulted from the time history of the SEP events, including (1) the dynamic evolution of the CMEs as they traveled from the Sun to Ulysses, (2) the spatial and temporal variations in the energetic particle sources, and (3) the conditions for particle transport within and around the CMEs. In particular, we emphasize both the role played by the CME-driven shocks in determining the peak intensity of the SEP events observed at high heliolatitudes and the role played by the magnetic topology of the CMEs in determining the energetic particle transport inside and around the ejecta.
Deficit of Shock-Accelerated Particles Propagating Outside the CMEs
[36] Figure 4 shows that energetic particle intensity enhancements associated with the passage of the CMEs were more evident for those CMEs not preceded by a forward shock able to locally accelerate energetic particles (i.e., CMEs -1, -2, and -4) than for those CMEs preceded by a CME-driven shock strong enough to locally accelerate particles (i.e., CMEs -3 and -5). For CMEs -1, -2, and -4, the energetic particle intensity enhancements were larger for low-energy ions than for near-relativistic electrons or highenergy ions. For CMEs -3 and -5, the presence of ]1 MeV shock-accelerated ions preceding the CMEs masked the enhanced particle intensities observed within the CMEs. At higher energies, the absence of shock-accelerated particles preceding the passage of CMEs -3 and -5 accentuated the energetic particle intensities observed within both CMEs. In contrast to in-ecliptic 1 AU observations, where particle intensities usually peak at the time of the shock passage (Figures 1 -3) , the maximum ion intensities at energies above $1 MeV during the SEP events C and E were not observed at the time of the shocks but in association with the passage of the CMEs. Therefore we suggest that the absence of a strong shock able to locally accelerate particles at Ulysses leads to a deficit of shock-accelerated Figure 10 . Proton differential energy spectra observed at different times around the arrival of the CME-2 (top panel) and CME-4 (bottom panel). Spectra [a] and [d] are taken before and after the passage of the CME, whereas spectra [b] and [c] are taken inside the CME near its leading and trailing edges, respectively. We have used 10 minutes spinaverages for CME-4 and 20 min spin-averages for CME-2. The four high energy channels are the L2, L3, L12, and L21 channels of the COSPIN/LET and the five low energy channels the P'2-6 channels of the HI-SCALE/LEMS120 telescopes.
particles outside the CMEs, thereby enhancing the relative energetic particle intensity increase within the CMEs.
[37] There are several reasons why shocks driven by CMEs at high latitudes and under high-speed solar wind conditions are expected to be weaker and less efficient in particle acceleration than shocks at low latitudes under normal slow solar wind conditions. Single fast CMEs produce very different types of solar wind disturbances at low and high heliographic latitudes [Gosling et al., 1995b] . At low latitudes the disturbance resulting from ejection of such a fast CME is dominated by compressional effects associated with the CME overtaking slower wind ahead. At high latitudes and under high-speed solar wind flows the disturbances associated with the CME are driven by the expansion of the ejecta, resulting in weak forward-reverse shock pairs [Gosling et al., 1995b] . The strength of the CME-driven shocks depends on the background medium where they propagate. Within high-speed solar wind streams, both the solar wind speed and the temperature are higher, the density is lower, and thus the sound speed, the Alfvén speed, and the fast magnetoacoustic speed are all larger than those in low-speed streams [Kahler and Reames, 2003] . Therefore shocks driven by a single fast CME are expected to be weaker in the high-speed solar wind streams than in the slow solar wind streams.
[38] Characteristics of the ambient seed particle population also play an important role in determining the absolute intensities that shock acceleration can produce. This seed particle population may include thermal solar wind particles, suprathermal remnants from previous SEP events, and even energetic particles accelerated in CIRs (see discussion in the work of Desai et al. [2003] ). Heliospheric shock acceleration is evidently more efficient when the shocks act on a population of energetic or preaccelerated particles. In the absence of stream interaction regions, highspeed flows are expected to be relatively deficient in energetic particles compared to in-ecliptic slow solar wind flows. In addition, since the heliocentric radial distance of Ulysses during the passage of the five CMEs ranged from 1.88 to 2.44 AU, there will be a reduction in the efficiency of shocks in injecting and accelerating particles at these larger radial distances. Consequently, near the ecliptic plane and at 1 AU the shocks driven by fast CMEs may continue to accelerate energetic particles to high intensities, well above that of the particle population inside the ejecta (section 3). However, at high-latitudes and larger heliocentric distances the deficit of newly shock-accelerated particles outside the ejecta allows us to see the particle population within the CMEs as a relative enhancement in the time-intensity profiles.
Confinement of Energetic Particles Within the CMEs
[39] Figure 4 shows that the entry of Ulysses into the CMEs -1, -2, and -4 was accompanied by an increase in the <1 MeV ion intensities. For CMEs -3 and -5, a discontinuous change in the decay rate of the time-intensity profiles was observed during the passage of the enhanced magnetic field region formed behind the CME-driven shocks. These changes in the evolution of the time-intensity profiles may result from either changes in the particle sources that filled with energetic particles the different regions sampled by Ulysses, or from the different transport conditions experienced by the energetic particles propagating on the different field lines sampled by Ulysses. Here, we analyze the effects that both the local magnetic structures have on the energetic particle transport and the effects that large-scale magnetic field structures (such as the CMEs) have on delimiting the flow of energetic particles through interplanetary space and, consequently, on determining the time-intensity profiles observed by Ulysses.
[40] The efficient confinement of energetic particles within the CMEs may contribute to the observation of the high intensities observed within these ejecta. Indeed, particle intensities measured inside a structure able to confine energetic particles have longer decay times compared with those measured in a structure where particles are able to escape. The result is that at the arrival of the CME at the spacecraft, energetic particle intensities are higher inside the CME than outside.
[41] The confinement of energetic particles within a CME depends on the magnetic topology of the CME and the way energetic particles propagate in the plasma within and outside the CME. It is thought that CMEs arise from closed magnetic field regions in the corona, and thus, at least initially, have a different magnetic topology from that of the normal solar wind [Gosling and Forsyth, 2001] . The observation of intervals of counterstreaming suprathermal electrons (CSEs) inside CMEs has usually been interpreted as a clear signature of closed field lines, most likely with both ends connected to the Sun [Gosling et al., 1992] . These authors showed that regions of compressed magnetic fields formed beyond 1 AU in open field lines are not strong enough to mirror large fractions of the highly field-aligned antisunward directed solar wind electron heat flux. Therefore it was suggested that CSEs result from the propagation of suprathermal electron beams on doubly anchored (closed) field lines that presumably thread CMEs [Gosling et al., 1992] .
[42] However, as a CME is en route from the Sun, some of the closed field lines threading the CME can be opened up by reconnection with open field lines of the surrounding solar wind. Thus portions, and on some occasions perhaps all, of a CME in the solar wind far from the Sun can be threaded by open or disconnected field lines on which the CSE signatures should be absent [Gosling et al., 1995b] . For example, Shodhan et al. [2000] analyzed 34 magnetic clouds detected at 1 AU and concluded that although magnetic clouds are observed as coherent structures, most often they comprise a random mix of several intertwined volumes of open and closed magnetic field lines. Shodhan et al. [2000] suggested that the reconnection between closed and open field lines may occur in remote regions (presumably near the Sun) not necessarily scanned by the spacecraft, and this sporadic reconnection may significantly alter the topology of the clouds from closed to open. For the five CMEs observed by Ulysses during its solar maximum northern polar passage, CSEs were observed continuously throughout CMEs -3, -4, and -5, and intermittently during the passage of CMEs -1 and -2, suggesting that intervals of open field lines were observed by Ulysses only in CMEs -1 and -2 but not for the other three CMEs.
[43] As first discussed by Rao et al. [1967] , the observation of energetic particles during Forbush decreases has always raised the question about the magnetic topology of the CMEs and the access of energetic particles into these structures. It is important to point out that for the five CMEs at high heliographic latitudes, >250 MeV proton intensity depressions were observed, specially for CMEs -1, -3, and -5 and to smaller extent (]2%) also for CMEs -2 and -4 (B. Heber, private communication, 2003) . Whereas for CMEs -3 and -5 the >250 MeV proton depressions began at the time of the shock passage, for CMEs -1, -2 and -4 the >250 MeV proton depressions started at the entry of Ulysses into the CME. Therefore the access of cosmic rays into the CMEs during their transit time from the Sun to Ulysses was restricted either because of the magnetic field topology of the CMEs or because of the combined effects that shocks, ejecta, and compressed postshock plasma may produce on the cosmic ray transport [Burlaga et al., 1986] .
[44] Based on the fact that magnetic clouds and ejecta observed at 1 AU and in the ecliptic plane are nearly transparent to cosmic rays, Kahler and Reames [1991] suggested that these structures are not closed. Indeed, cosmic ray decreases are only of the order of ]5% and cosmic ray intensities gradually recover as the spacecraft moves further into the ejecta. These facts, together with the rapid access into the interior of ejecta of SEPs injected by unrelated solar events, appear to be inconsistent with a completely closed magnetic field topology [Kahler and Reames, 1991] . Injection of SEPs into CMEs by unrelated solar events, however, can also take place at the legs of looped magnetic field lines rooted at the Sun, i.e., in closed magnetic field structures . On the other hand, the abrupt decrease of shock-accelerated particles at the leading edge of many ejecta observed near the ecliptic plane and at 1 AU (section 3) also suggests that field lines in the leading edge of these ejecta are not connected to the field lines in the preceding postshock solar wind [Richardson, 1997] or at least that shock-accelerated particles do not have an easy access to the interior of the ejecta. Alternatively, if CMEs are completely closed structures, models for the access of energetic particles into these structures must be invoked, e.g., via diffusion perpendicular to field lines [Cane et al., 1995] . However, diffusion implies the smoothing of discontinuities in particle intensities, and this is inconsistent with the sharp particle increases observed, for example, at the edges of the CMEs -1, -2, and -4.
[45] Perpendicular transport of particles across field lines is small in comparison with their parallel transport [Giacalone, 1998] . Therefore closed field structures may provide the necessary magnetic topology for the effective confinement of energetic particles. However, on the scale of the particle gyroradius, variations of the magnetic field in both magnitude and direction may cause the particles to move from field line to field line. This energetic particle transport across the magnetic field lines allows the particles to escape from closed field structures. The process by which particles may hop from one field line to the next is not fully understood (see discussion in the work of Giacalone [1998] ). Magnetohydrodynamic discontinuities formed at the boundaries of the CMEs and between field lines may also inhibit the particle transport across the field lines. For example, Sarris et al. [1975] showed that tangential discontinuities can act like barriers for <10 MeV/amu ions and are able to form boundaries between two regions with different particle content. However, Sarris et al. [1975] also showed that >220 keV electrons (with gyroradii about two orders of magnitude smaller than those of the ions) appear to be transparent to these tangential magnetic discontinuities. Therefore it seems that the speed of the particles plays an essential role in determining the confinement of energetic particles by these magnetic discontinuities. Figure 4 shows that energetic electrons were less affected by the passage of the CMEs than the $1 MeV ions. Therefore assuming a common particle injection distribution at the different field lines, it is the speed rather than the gyroradius of the particles that is the determinant factor governing the confinement of energetic particles within the CMEs.
[46] Regarding the particle transport conditions within and around the CMEs, we observe that local magnetic field structures may modulate the particle intensities observed by Ulysses. For example, Figure 4 shows that during the SEP event E, the ]600 keV ion intensities decreased discontinuously as the enhanced magnetic field regions preceding CME-5 crossed Ulysses. In section 4 we have shown that the particle intensity increases associated with the passages of CMEs -1, -3, and -5 were observed simultaneously at all energies analyzed in this paper and in clear association with the crossing of enhanced magnetic field regions formed around these ejecta. For CME-1 a strong magnetic field enhancement was also observed in the rear edge of the ejecta that coincided with the simultaneous decrease in particle intensities as shown in Figures 4 and 5 . By contrast, CMEs -3 and -5 were not followed by strong magnetic field enhancements, and particle intensities, spectra, and anisotropies evolved nearly continuously from inside to outside the ejecta through their trailing edges (Figure 7) .
[47] Figure 4 also shows <8 MeV ion enhancements on days 274-275 and on day 326 that are unrelated to the passage of CMEs. Figure 5 and right panel of Figure 7 show the magnetic field structures associated with these two particle increases. At the end of day 274, Ulysses observed a magnetic field depression followed by an increase in the middle of day 275. The passage of this structure coincided with the maximum intensity of the energetic particle enhancement. The particle increase on day 326 occurred just after an abrupt drop in solar wind density (not shown here) and in magnetic field strength which we identify as a reverse wave (dashed line in the right panel of Figure 7 ). Solar wind and magnetic field signatures during these two periods did not resemble those of ejecta. Nevertheless, particle intensity enhancements were very similar to those observed within the CMEs. Therefore variations in the energetic particle intensities observed by Ulysses are also associated with the passage of non-CME plasma and magnetic field structures.
[48] Energetic particle anisotropies observed during the passage of these magnetic structures allow us to determine the effect that these structures have on the particle transport. In particular, for those magnetic field enhancements observed before and after the passage of the CMEs, we can distinguish whether particles are able to propagate along these strong magnetic field regions or if they are able to escape from the CMEs by moving across these field regions. Under the assumption that the CMEs are magnetically closed and isolated from the surrounding solar wind, energetic particles can only escape from the CMEs via cross-field diffusion. The magnetic field structures formed around the ejecta may inhibit the possible transport of energetic particles across the field lines, and therefore contribute to the confinement of energetic particles within the CMEs. Only those particles able to diffuse across these magnetic field structures are able to escape and produce the energetic particle intensity gradients observed before and after the passage of the CMEs. Consequently, particle transport perpendicular to the field lines should be observed during the intensity gradients preceding and following the CMEs.
[49] Figure 5 and right panel of Figure 7 show that energetic particle anisotropies measured during the particle intensity gradients at the edges of CMEs -1 and -5 were strongly field-aligned [see also Sanderson et al., 2003, Figure 4] . Departures from zero of the perpendicular coefficients were minor in comparison with the parallel coefficients. For CME-3 the intensity gradient occurred inside the CME and angular distributions were mostly isotropic with perpendicular anisotropy components very close to zero. For CMEs -2 and -4, abrupt particle increases were observed at the entry of Ulysses into the CMEs, with isotropic or bidirectional flows, and perpendicular components of the anisotropy fluctuating back and forth around zero. Therefore we find no compelling observational evidence to suggest that particles escaped from the CMEs via cross-field transport driven by particle intensity gradients at the boundaries of the CMEs.
[50] The confinement of energetic particles may also occur in open field structures. For example, energetic particles propagating along open field lines may remain confined in wells or local minima of enhanced magnetic field magnitude [Lario et al., 1999] . Regions of enhanced magnetic field turbulence can also contribute to hindering particle transport along these open field lines [Burlaga et al., 1986] . Only those particles that undergo less pitchangle scattering in the turbulent regions or have small pitch angles that enable them to penetrate magnetic barriers can escape from these trapping regions formed along open field lines. The strong field-aligned anisotropy flows observed at both edges of CME-1 and at the leading edge of CME-5 suggest that, indeed, only particles with small pitch-angles were able to pass through these enhanced magnetic field regions.
[51] In the absence of magnetic field increases along open field lines, energetic particles are relatively free to stream away. Consequently, there will be no distinction between the open field lines without magnetic field enhancements forming part of a CME and the open field lines of the surrounding solar wind. The entry (exit) into (from) such a CME will produce a continuous evolution of the decay rate in the time intensity profiles and of the particle spectra as observed through the trailing edge of CME-3. The objections to this scenario are twofold: (1) the continuous signatures of CSEs observed throughout CMEs -3, -4, and -5 and intermittent throughout CMEs -1 and -2, suggest that these ejecta were really closed magnetic structures, and (2) as a CME sweeps over the observer, the spacecraft moves across field lines which may not contain the same magnetic field enhancements observed preceding and following the CME passage. In addition, the magnetic field structures formed around the ejecta may evolve and change their properties as the CME travels away from the Sun and interacts with the surrounding solar wind.
[52] Because Ulysses observations constitute only a single point measurement, in time and space, we can never know the magnetic topology of these five solar maximum northern high-heliolatitude CMEs and the actual mechanism that confined energetic particles within them. Energetic particle enhancements observed by Ulysses depend not only on the local effect that magnetic structures had on the particle transport but also on the roles played by the different time histories of the particle sources, particle propagation conditions, and magnetic structures (CMEs, magnetic enhancements, and discontinuities) in modifying the particle distributions as they travel through the solar wind from their source to Ulysses. The mechanisms proposed here for the confinement of energetic particles within the CMEs are only partially consistent with the data, and they are not unique. Uniqueness can only be proven if the origin and evolution of CMEs, energetic particle sources and energetic particle transport conditions are known.
CMEs at Larger Heliocentric Distances
[53] We have shown that the particle intensity enhancements associated with the passage of the CMEs are more clearly observed in the absence of an intense shock-accelerated population propagating outside the CMEs. It is thought that the efficiency of CME-driven shocks in particle acceleration decreases with heliocentric distance [Lario et al., 1998 ]. Therefore it is relevant to study whether observations of distant CMEs at low heliolatitudes show energetic particle intensity enhancements within ejecta similar to those observed at high heliolatitudes. A literature survey shows several cases of energetic particle enhancements inside CMEs. For example, the passage of a magnetic cloud in November 1997 when Ulysses was at Ã = 1.5°N and R = 5.3 AU was characterized by an enhancement of low-energy ion intensities [Lario et al., 2000, Figure 3] . Another example was observed in March 1991 when Ulysses at Ã = 3.9°S and R = 2.5 AU detected a rich enhancement of particle intensities attributed to the trapping of energetic particles within a propagating CME [Sanderson et al., 2000] . In these two cases, energetic particles inside the CME were injected there by unrelated SEP events (see discussion in the work of Lario et al. [2000] and Sanderson et al. [2000] ).
[54] An interesting example because of its large heliocentric distance was observed by Voyager-2 at R = 34.7 AU and Ã = 3°S [Decker et al., 1995] . Low-energy (]200 keV) ion intensities peaked with the arrival of an interplanetary shock observed $24 hours before the arrival of the ejecta. The leading edge of the CME was marked by a tangential discontinuity and an increase in all energetic ion intensities below $5 MeV [see Decker et al., 1995, Figure 3] . In many aspects this event was similar to the events associated with CMEs -3 and -5 where the associated shock was only able to accelerate particles at low-energies, and the entry into the ejecta was marked by abrupt increases in the higher energy particle intensities.
[55] Not all CMEs observed at large distances contain increases in energetic particle intensities. At large heliocentric distances, the existence of a shock able to accelerate particles may cause the highest intensities during an SEP event to be observed at the time of the shock but not during the passage of the associated CME. For example, the magnetic cloud observed by Ulysses on days 63-65 of 1999 at Ã = 22°S and R = 5.1 AU had reduced low-energy ion intensities compared to those observed just before the entry into the cloud [Lario et al., 2001b] .
[56] The particular case of CMEs -2 and -4 is very interesting since the energetic particle enhancements associated with the passage of both CMEs occurred during the decay phase of the SEP events B and C, respectively. To our knowledge, there are no reports of particle increases within CMEs during the decay phase of SEP events at 1 AU. Possible reasons include: (1) the occurrence of new solar injections prevents the observation of long-lasting uninterrupted decay phases at 1 AU; and (2) the Sun-Earth transit time of the CMEs may be too short to accentuate the differences between the intensities measured during the decay phase of the SEP event and the intensities inside the CME.
[57] Therefore the observation of enhanced particle intensities within a CME is not exclusive of the heliolatitude of the spacecraft. It depends on the presence of an intense shock-accelerated population propagating outside the CME, the occurrence of new SEP injections during the transit time of the ejecta from the Sun to the observer, and the efficient confinement of energetic particles within the CME that also depends on the magnetic topology of the ejecta and the conditions for particle transport inside and outside the ejecta.
Possible Origins of the Intra-CME Energetic Particles
[58] The origin of the energetic particles observed during the passage of the CMEs is uncertain. For CMEs observed in the ecliptic plane near 1 AU, Richardson [1997] suggested three possible origins for the intra-CME particles: (1) they are a fraction of shock-accelerated particles able to diffuse into the ejecta, (2) particles accelerated at the time when the ejecta leave the Sun (which would imply the existence of a particle acceleration mechanism different from the CME-driven shock), and/or (3) particles injected into the ejecta by unrelated solar events (see discussion in the work of Richardson [1997] ). Here, we propose tentative scenarios for the origin of the intra-CME energetic particles. The different time-histories observed for the five SEP events A-E and the different characteristics of the five CMEs 1-5 suggest that the processes that filled the CMEs with energetic particles may be different in each case. 5.4.1. CME-1
[59] The solar origin of CME-1 is unclear [Reisenfeld et al., 2003b] . The SEP event A was observed in the ecliptic plane at 1 AU [Lario et al., 2003] . Energetic particles during this SEP event at 1 AU were related to the passage of a strong interplanetary shock at $2003 UT on day 268 [Cane et al., 2003 ] presumably driven by the halo CME seen by SOHO/LASCO on day 267 (Table 1) . If CME-1 were associated with the origin of the SEP event A, it would imply that the same CME was able to drive a strong interplanetary shock at low-heliographic latitudes and also appear as an over-expanding CME at high-heliographic latitudes (similar cases have been studied by Gosling et al. [1995b] and Riley et al. [1997] ). If CME-1 were associated with the origin of the SEP event A, however, it would have had to slow down significantly in order to match the solar wind speeds measured at Ulysses during its passage ( Figure 5 ). There is no evidence in the Ulysses data to suggest that CME-1 slowed down [Reisenfeld et al., 2003b] and in fact, CMEs (or portions of CME) propagating in high-speed streams undergo considerable acceleration [Riley et al., 1997] . Therefore we believe that CME-1 was most likely launched from the Sun before the onset of the SEP event A.
[60] SEPs injected during the SEP event A can only be excluded from CME-1 if this ejecta had the structure of a detached plasmoid throughout its travel time to Ulysses. Otherwise, cross-field diffusion would have had to work efficiently when the main injection of SEPs of the event A occurred and cease later on when the CME arrived at Ulysses. Alternatively, either closed magnetic field topologies anchored to the Sun at the onset of the SEP event A or open magnetic field topologies directly connected to the Sun can account for the access of SEPs inside of CME-1.
[61] The presence of CSEs inside CME-1 suggests that magnetic field lines were closed and connected to the Sun at both ends. The discontinuous signatures of CSEs within the CME, on the other hand, indicate also that some field lines inside CME-1 were connected to open field lines of the surrounding solar wind [Gosling et al., 1995a] . It has been suggested that energetic particles may then gain easy access within the CME along these open field lines, and therefore variations in particle intensities within the ejecta should reflect the field line topology as indicated by the presence of CSEs . In the case of CME-1, we do not observe significant changes in the particle intensities during the periods when CSE signatures were absent ( Figure 5 ).
[62] If CME-1 was mainly an open structure, then field increases along open field lines must exist in order to (1) mirror the highly field-aligned electron heat fluxes and generate CSEs, (2) mirror and confine the energetic particles to produce the intensity enhancement observed during the passage of CME-1 over Ulysses, and (3) exclude the >250 MeV protons (presumably of galactic origin) from the interior of the CME. If CME-1 was mainly a closed structure, then SEPs penetrated into the CME along the field lines rooted at the Sun and propagated along these closed field lines with a slower decay time than those particles observed on open field lines outside the CME. However, energetic particle flows during the intensity gradients at the edges of CME-1 were strongly field-aligned and signatures for particles escaping across field lines were not manifest. Therefore neither of the two scenarios proposed here for the entry of energetic particles into the CME and their later confinement inside CME-1 are consistent with the complete set of observations presented in this paper. The available data do not allow us to favor one scenario over the other, or to rule out that CME-1 was partially open and partially closed at different spatial points and at different times during its evolution to Ulysses.
CMEs -3 and -5
[63] The origin of CMEs -3 and -5 has been associated by Reisenfeld et al. [2003a Reisenfeld et al. [ , 2003b with the solar event that generated the SEP events C and E, respectively (Table 1) . This assumption implies that CMEs -3 and -5 were launched from the Sun at speeds initially much faster than the ambient wind and then decelerated to the ambient solar wind as they propagated outward [Reisenfeld et al., 2003b] . In addition, the shocks driven by both CMEs were able to accelerate energetic particles to very high energies when they were close to the Sun but not when they arrived at Ulysses (Figure 8) .
[64] For these two CMEs, the enhancement of thê 600 keV ion intensities occurred simultaneously at all energies as the magnetic field magnitude decreased in the downstream region of both CME-driven shocks. The ion spectra measured after the passage of these enhanced magnetic field regions was richer in high-energy ions than the ion spectra measured at the time of the preceding forward shocks (Figure 8 ). Both the hardening of the ion spectra and the simultaneous increase at all energies suggest that particles observed after the enhanced magnetic field regions were not locally accelerated by the shock front scanned by Ulysses. If the particle enhancements were due to a direct magnetic connection between Ulysses and the CME-driven shocks once the enhanced magnetic field regions were beyond Ulysses, we would expect a sunward flow of energetic particles in the solar wind frame as the particle intensities increased. For CME-3, Figure 7 shows only a short (<2 hours) interval of very weak sunward flow at the end of day 312. For CME-5 a strong field-aligned flow occurred at the end of day 330, but because the magnetic field direction was azimuthal, we could not discern whether the flow was sunward or antisunward ( Figure 7 ). In addition, Ulysses would have to be connected to a stronger part of the CME-driven shocks where particle energy spectra were harder than when the shocks crossed Ulysses. Alternatively, one could suggest that higher-energy ions were able to diffuse more easily through the enhanced magnetic field regions formed behind the shock and hence the hardening of the ion spectra.
[65] The access of shock-accelerated particles into both CMEs would be facilitated if open field lines connected the interior of the ejecta with the CME-driven shocks. However, the continuous signatures of CSEs observed throughout the passage of both CMEs suggest that the two ejecta were closed magnetic field topologies [Gosling et al., 1992] . In addition, in the case of CME-5, the CSE signatures did not begin immediately following the shock passage or following the enhanced magnetic field regions but only when Ulysses entered into the CME.
[66] The time-intensity profiles (Figure 4) , the ion spectra (Figure 8) , and the anisotropy flows ( Figure 7) show a continuous evolution of particle intensities through the trailing edge of CME-3 and minimal intensity changes through the trailing edge of CME-5. If both CMEs were open field structures (inconsistent with the continuous CSE signatures), then shock-accelerated particles that diffused through the postshock plasma would make no distinction between intra-CME and extra-CME field lines and would equally populate the interior and the exterior of the CMEs, producing the almost continuous decay of the SEP events observed through the trailing edge of the CMEs. If both CMEs were closed structures, then shock-accelerated particles would have to propagate through the postshock plasma and move relatively freely across the rear edges of the CMEs in order to produce the continuous decay of the SEP events C and E. As for CME-1, both scenarios proposed here are not flawless, and the available data do not allow us to favor one scenario over the other or to discount the possibility that both may have been operative. 5.4.3. CMEs -2 and -4
[67] The origin of the CME-2 has been associated with a partial-halo CME on day 297 at 2306 UT [Reisenfeld et al., 2003a] . Therefore CME-2 was injected from the Sun when the SEP event B was already in its decaying phase. The constant decay of the near-relativistic electron and >8 MeV ion intensities throughout the SEP event B indicates that the boundaries of this CME were transparent to these particles. The <8 MeV ion intensity enhancements observed within this CME suggest that these low-energy particles were confined inside the ejecta from earlier stages of the SEP event. How these energetic particles entered into the ejecta at earlier stages and remained later confined within it is unknown. Possibly, the magnetic connections at the boundaries of the CME changed as the ejecta propagated from the Sun to the spacecraft, and some reconnection between initially closed field structures and ambient magnetic field close to the Sun allowed particles into the CME. This latter scenario is consistent with the intermittent CSE and BIFs signatures observed within CME-2.
[68] CME-4 (classified as a magnetic cloud) was the only one that clearly showed BIFs throughout the CME. The origin of the particles in this CME was most probably the SEP event C because of the constant decay rate observed for the high-energy ions and near-relativistic electron intensities. The continuous signatures of CSEs and BIFs observed throughout the passage of the CME suggest that there was no connection between the interior of the CME and the surrounding solar wind. Again, no net flow of particles across the magnetic field was observed near the edges of the CME (left panel of Figure 7 ) and the boundaries of the ejecta were clearly transparent to energetic electrons (Figure 4) . The origin of the intra-CME particles is unknown. One possibility is that the low-energy ion population observed within this CME originated during the ejection of the CME at the Sun. Another possibility is that these particles are part of an initially high-energy population that was able to penetrate into the magnetic cloud and then lost its energy as the CME expanded. The rapid decay of particle intensities outside the magnetic cloud in comparison with those confined within the CME enhanced the intra-CME particle intensities when the CME crossed Ulysses.
Summary
[69] We have analyzed the energetic particle response to the passage of five CMEs observed at high heliographic latitudes while Ulysses remained immersed in the solar wind polar coronal hole flow. In contrast to CMEs observed in the ecliptic near 1 AU these five CMEs contained energetic particle enhancements. We suggest that our ability to observe these enhancements depends upon whether there is an intense shock-accelerated population able to mask the intra-CME population and upon whether energetic particles remain confined within the CMEs. Efficient confinement of energetic particles within the ejecta depends on the magnetic topology of the CMEs and the conditions for energetic particle propagation inside and around the CMEs. Energetic particles confined within the ejecta evolve differently than those particles in external field lines. The result is that different particle intensities and different intensity decay times are observed inside and outside the CMEs. In the ecliptic and at 1 AU, the maximum low-energy ion intensities occur around the arrival of interplanetary shocks. At high heliographic latitudes, larger heliocentric distances, and under high-speed solar wind conditions the shocks are not efficient accelerators of particles and the highest lowenergy ion intensities are observed in association with the passage of the CMEs.
